Background Music is a non-invasive, safe, and inexpensive intervention that can be delivered easily and successfully. We did a systematic review and meta-analysis to assess whether music improves recovery after surgical procedures.
Introduction
Most people undergo a surgical procedure at some point in their lives-more than 51 million operative procedures are done every year in the USA, 1 and 4·6 million hospital admissions per year in England lead to surgical care. 2 A trend is emerging towards undertaking surgical procedures without general anaesthesia-for example, hysteroscopy and caesarean section. Irrespective of whether anaesthesia is used, the postoperative period is a diffi cult time for patients. The term postoperative recovery has not been precisely defi ned, but is clinical and includes restoration of the patient's cerebral and motor function. Surgical recovery strategies, such as Enhanced Recovery (a set of interventions aimed at improving patient outcomes and reducing their length of stay in hospital), [3] [4] [5] recommend several successful perioperative interventions. Some preoperative strategies, such as patient education and nutritional additives, reduce postoperative analgesia needs and improve patient satisfaction, [3] [4] [5] but not all potentially useful interventions have been assessed or incorporated.
Use of music to improve patients' hospital experience has a long history in medical care, including by Florence Nightingale. 6 Music was fi rst described being used to help patients during operations by Evan Kane 7 in 1914. Several studies have investigated music's eff ect on emotions and neurophysiology. [8] [9] [10] Pre-recorded music through head phones, musical pillows, or background sound systems can be a non-invasive, safe, and inexpensive intervention compared with pharmaceuticals, and can be delivered easily and successfully in a medical setting. 11 Music has frequently been investigated in the context of recovery from operative procedures, and several randomised controlled trials (RCTs) have shown positive eff ects on patients' postoperative recovery. 12, 13 This use of music diff ers from music therapy, which is a cognitive rehabilitation method. 14 Previous systematic reviews have investigated music and its role in specifi c surgical procedures, such as colonoscopy, 15, 16 or in only one aspect of patient experience in isolation, such as preoperative anxiety 17 or postoperative pain. 18, 19 Cepeda and colleagues 20 investigated use of music for pain relief in both surgical and non-surgical settings. Nilsson 21 comprehensively reviewed 60 articles about use of music in the perioperative period but did not do a meta-analysis. 21 No previous reports have provided a comprehensive overview with meta-analyses and meta-regression.
At present, music is not used routinely perioperatively. Until now, scarcity of uptake might be due to ignorance or scepticism about the eff ectiveness of music. 22 Despite the large number of relevant studies, music has not been implemented as a therapeutic intervention in everyday surgical practice because information about eff ectiveness has not been synthesised and disseminated universally. We assess eff ectiveness of music in improvement of postoperative recovery, in corporate all available RCTs, review eff ects of music on common outcome measures for postoperative care (pain, analgesia needs, anxiety, and length of stay), and investigate relevant subgroups (patient choice of music, timing of intervention, and whether general anaesthesia was used).
Methods

Search strategy and selection criteria
The predefi ned inclusion criteria were RCTs in any language with adult patients undergoing any form of surgical procedure (with or without sedation or anaesthesia) to any part of the body excluding the central nervous system or head and neck (because of potential hearing impairment). We compared any form of music initiated before, during, or after surgery with standard care or any other non-drug interventions such as massage, undisturbed rest, or relaxation. Outcomes of interest were: postoperative pain, analgesia needs, anxiety, infection rates, wound healing, costs, length of stay, and satisfaction with care. Analgesia use included any opioids or non-steroidal anti-infl ammatory drugs (NSAIDs). If both were reported, we included opioid use in the meta-analyses. We measured outcomes up to 6 weeks postoperatively. We investigated subgroups of: pain before surgery and 4 h postoperatively; timing of intervention before, during, or after surgery; general anaesthetic versus no anaesthetic; and whether the patient was given choice of music. We recorded whether music given during surgery was started after induction of anaesthesia.
We searched the following databases: MEDLINE (Jan 1, 1946-Oct 1, 2013), Embase (Jan 1, 1947-Oct 1, 2013), CINAHL (Jan 1, 1960-Oct 1, 2013), and Cochrane Central (Jan 1, 1898-Oct 1, 2013). We did keyword and MeSH searches for "music" or "music therapy" and any of the following: "surg*", "operat*", "recovery", "recuperation", "rehabilitation", "convalescence", or "post-op*". We checked reference lists of relevant reviews for additional studies. We transferred all relevant titles and abstracts to Endnote Web for assessment.
Data extraction and quality assessment
Two investigators (JH and MH) checked study eligibility. Both independently extracted data from studies using a standardised, predesigned extraction form in Microsoft Excel 2007. Disagreements were resolved through discussion or referral to a senior investigator (CM). We assessed quality of included studies with criteria set by The York Centre for Reviews and Dissemination, 23 focusing on randomisation, allocation concealment, presence of masking, explanation of withdrawals, and presence or absence of intention-to-treat analysis.
Statistical analysis
We tabulated characteristics and results of all included studies; analysis was quantitative. When standard errors or ranges were provided, standard deviations were calculated with standard formulae. We used Review Manager (version 5.2, Cochrane Library) for meta-analyses. We used random-eff ects models because of heterogeneity of participants and interventions. All outcomes were continuous measures, and we used standardised mean diff erences (SMD) when outcomes had diff ering measurement scales. Risk of publication bias was assessed by use of funnel plots. In addition to presenting SMD, which can be diffi cult to interpret clinically, we did back transformations of two outcomes (pain and anxiety) used in the included RCTs. We calculated back transformations with Microsoft Excel 2007. For the pain outcome, we used a mean of control group standard deviations from the RCTs measuring pain using a visual analogue scale (VAS). For the anxiety outcome, we used a mean of control group standard deviations from RCTs measuring anxiety with the state-trait anxiety inventory (STAI). To further investigate heterogeneity, we did meta-regressions with Stata version 12. This study is registered with PROSPERO, number CRD42013005220. 
Role of the funding source
There was no funding source for this study. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
We identifi ed 4261 titles and abstracts, of which we assessed 260 articles for inclusion (238 from database searches and 22 from reference lists; fi gure 1 Researchers identifi ed single types of music such as Chinese classical music, or gave patients choice from a list of six or more styles. Most styles were soothing. Delivery could be by headphones or music pillows for patients only to hear or by loudspeakers, which could be heard by the medical team. Music delivered by headphones was often at a suffi ciently low volume for patients to be able to communicate easily. Timing could be before, during, or after surgery, or a combination of these timings. Music could be played when patients were awake or anaesthetised. Duration of music varied between a few minutes to repeated episodes for several days. Comparator descriptions varied and included routine care, headphones with no music, white noise, and undisturbed bed rest. Duration and timing was usually similar to that of interventions. Outcomes included postoperative pain, analgesia needs, anxiety, length of stay, and satisfaction with care. None of the RCTs measured infection rates, wound healing, or costs. Some outcomes were measured during or soon after the procedure, others were measured at several times during the hospital stay.
Studies measured various outcomes (table 2) . Pain was usually measured with VAS or numerical rating scales (NRS). An indirect measure of pain was use of analgesia, which varied substantially among studies, including paracetamol, opioid-based drugs such as pethidine, fentanyl, and morphine, and NSAIDs such as diclofenac and ibuprofen.
Quality of included studies varied (table 3) , but several studies gave insuffi cient details to assess all aspects of quality. An intervention such as music cannot be masked to the patient unless the patient is under general anaesthesia; masking of investigators and outcome assessment is possible, but was not stated in many studies. When music was delivered to a patient under anaesthesia, whether masking was used was unclear. Heterogeneity was high for pain, anxiety, and analgesia use, with I² varying between 75% and 92%; heterogeneity for length of stay was 0%. No RCTs reported wound healing rates, costs, wound infections, or serious adverse events. A subgroup analysis by type of control (routine care vs control with attention) showed that type of control made no diff erence to eff ectiveness of music. Univariate meta-regression analysis to explain heterogeneity did not show a statistically signifi cant eff ect of any of the eight variables (patient choice, timing of music, general anaesthetic, use of VAS to measure pain vs other pain measures, routine care vs other comparisons, endoscopytype procedures vs surgery, allocation concealment, and masking of outcome assessment) on the pain outcome. Because we identifi ed no signifi cant outcomes by univariate meta-regression, we did not do multivariate meta-regression.
We categorised pragmatically into pain measured between 0 h and 4 h after surgery and pain measured more than 4 h after surgery. We identifi ed no diff erence between pain measured at 0-4 h after surgery (SMD -0·79 [95% CI -1·06 to -0·52]) and pain When patients were allowed to choose the music (from personal choice or from a playlist) we noted a slightly increased but non-signifi cant reduction in pain, compared with when patients had no choice (fi gure 3). Similarly, with patient choice, we recorded a small but non-signifi cant reduction in analgesia use compared with when patients had no choice of music (fi gure 3). However, we recorded a slight but non-signifi cant increase in anxiety when patients had a choice of music compared with when they had no choice (fi gure 3).
Pain seemed to be reduced most when music was played preoperatively (SMD - None of the included studies reported side-eff ects. However, some studies reported that they ensured that the low volume at which music was delivered enabled communication with medical teams.
Discussion
Our systematic review and meta-analysis suggests that music played in the perioperative setting can reduce postoperative pain, anxiety, and analgesia needs, and improve patient satisfaction. However, we identifi ed no diff erence in length of stay, although few studies measured it. None of the studies investigated eff ects of music on infections, wound healing rates, or costs.
We used wide inclusion criteria to make results more generalisable to clinical practice. One could argue that we should not have combined very heterogeneous studies because of clinical diff erences. For example, is meta-analysis of studies that used diff erent analgesics worthwhile? Strong pain tends to be alleviated with strong analgesia, whereas mild pain responds to mild analgesia. Therefore, relative reduction in pain is of interest. We made the pragmatic decision that to combine all studies reporting analgesia use would be more useful clinically than to group specifi c types of analgesics. This decision was extended to other aspects of clinical heterogeneity such as age groups, types of interventions, and whether the intervention was done awake or under general anaesthesia. Measures of heterogeneity in the meta-analyses suggested a large amount of statistical heterogeneity in the main analyses for pain, analgesia use, and anxiety. To mitigate this eff ect, we used randomeff ects meta-analyses, although this approach only partly removes eff ects of heterogeneity. 24 Nevertheless, we considered that to combine data would provide a more clinically useful result than to include a small number of homogeneous studies. Because we combined clinically heterogeneous studies, we cannot be sure whether music applies equally to all clinical scenarios. However, we investigated several clinically relevant subgroup analyses such as general anaesthesia versus no anaesthesia, timing, and choice of music versus no choice, and we did meta-regression. The heterogeneity is unexplained so an individual participant data (IPD) meta-analysis could be the next step.
The largest RCT recruited only 458 participants and assessment of whether a very large trial would generate similar results to this systematic review would be interesting. However, because many small trials showed positive eff ects of music in patients undergoing surgical procedures, a large trial might not be needed. These small RCTs were diffi cult to fi nd in journals that are not well known, which shows the benefi ts of systemic reviews and meta-analyses. However, a large RCT would address issues of heterogeneity.
Prediction intervals could have been calculated because they would give a more comprehensive view of potential eff ects of music in individual settings. However, prediction intervals tend to be wider than 95% CIs and, because of clinical heterogeneity, how calculation of prediction intervals would help to guide individual clinicians on implementation of music is unclear.
We included more studies than have previous systematic reviews. The most comprehensive previous systematic review used a vote-counting approach to summarise results only. 21 Some of the previous systematic reviews investigated only one outcome, such as anxiety or pain, whereas we report all relevant clinical outcomes. We believe that this study is the most comprehensive systematic review and meta-analysis so far for use of music in perioperative settings, including 6902 patients. Our results are similar to those of Cepeda and colleagues 20 for eff ect size. We identifi ed no side-eff ects reported in any of the studies, as did a Cochrane review. 25 The benefi cial eff ects of music on patient wellbeing are consistent with expectations and the public's perception of music. Several potential mechanisms could help to explain eff ects of music from the patient's and the medical team's perspective. Modern theories of pain suggest that pain experience is aff ected by physical and psychological factors. Cognitive activities such as listening to music can aff ect perceived intensity and unpleasantness of pain, enabling patients' sensation of pain to be reduced. 26 Another potential mechanism could be reduced autonomic nervous system activity, such as reduced pulse and respiration rate and decreased blood pressure. 27 For patients undergoing general anaesthesia, some evidence from RCTs suggests that parts of the brain involved in hearing can sometimes be perceptive during general anaesthetic. 28 For about one in 1000 people undergoing general anaesthesia, unwanted intraoperative awareness during anaesthetic is a risk factor for post-traumatic stress. 29 Whether intraoperative music might have prevented this eff ect by reduction of anxiety is unclear. Whether other distracting stimuli might have a similar eff ect to music, such as videos or talking books, is unclear. Some experimental evidence shows that distraction with video gaming can reduce experimentally induced pain in adults, 30 but no studies have been done to investigate the eff ectiveness of talking radio or talking books during surgery in the adult population.
Other primary studies and systematic reviews have shown that medical teams might be more relaxed and attentive 31 when music that they enjoy is playing, but use of music might be inappropriate in some settings. The medical team might be distracted if music is audible from the patient's headphones. Music might impede communication with patients, especially during an awake procedure. If patients need to be able to communicate with health-care workers, bilateral headphone use might be an obstacle. Music and noise could potentially obstruct other interventions through negatively aff ecting the surgeon's performance. There fore, music should not be imposed on the medical team, especially during the procedure. If medical teams intend to introduce music into perioperative settings, care needs to be taken that music does not interfere with communication among the medical team. 32, 33 Music is a non-invasive, safe, and inexpensive intervention that can be delivered easily and successfully in a hospital setting. We believe that suffi cient research has been done to show that music should be available to all patients undergoing operative procedures. Patients should be able to choose the type of music they would like to hear, but whether this music should be of their own choice or from a playlist is unclear. However, some patients might prefer for religious reasons to listen to recitations or natural sounds. Timing of music does not make much diff erence to outcomes so can be adapted to the individual clinical setting and medical team. For example, some medical teams might want to implement intraoperative music, whereas other teams might prefer the patient to listen to their own electronic musical device before the procedure or as soon as they arrive back onto the ward. The appropriate volume for use in diff erent settings is likewise unclear.
Obstacles to implementation in the clinical setting, such as copyright and intellectual property issues, need investigation. On a local scale, patients could be encouraged to listen to music through patient information leafl ets and hospital guidelines.
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